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DHAG: OE THE lIcDONlIELL AIRPLANE A3 DETERMINED 

IN ELIGHT 
By Hartley A, Soule 

Summary 

This note contains the results of flight tests con- 
ducted "by the National Advisory Committee for Aeronautics on 
a low-x7ing monoplane eoLiipped with leading-edge slots ex- 
tending; over the entire wing and flaps ext ending . only to the 
ailerons, to find their effect on the lift and drag character- 
istics of the airplane. Curves are' given showing the lift 
and drag characteristics of the airplane for the following 
conditions of the slots and flaps: slots closed and flaps 
neutral; slots open and flaps neutral; slots closed and 
flaps down; and slots open and flaps down. In addition, the 
high and low speeds in level flight and the climhing char- 
acteristics are given. 

The results shov/ that the slots used alone increase, 
the mazimuiii lift coefficient 54 per cent; the flaps alone 
increase it 38 per cent; and the slots and flaps in combi- 
nation give a total increase in lift coefficient of 94 per 
cent. The slots and flaps in combination decrease the land- 
ing speed from 30 to 43 m.p.h.; increase the speed range of 
the airplane 40 per cent; and increase the glide angle at 
landing speed 4.2^. 

Introduction 



It is generally recognized that one of the most impor- 
tant problems now confronting aeronautical engineers is to 
improve the airplane in such a- manner as to increase the 
safety of flight. The National Advisory Com.mittee for Aero- 
nautics has realized this and is now engaged in a very ex- 
tensive program of research, including both wind-tunnel and 
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flight testing', for the express purpose of increasing the safe- 
ty of airplanes. 

From the standpoint of the aerodynamics of the airplane, 
it appears that the aost promising immediate line of attack 
is to find means of decreasing the landing and take-off speeds 
and of providing adequate control and stahilitv at the atti- 
tudes corresponding to these speeds. Because of their known 
ahility to increase the maximum lift coefficient, slots and 
flaps present one very promising method of accomplishing this 
ohj ec t . 

As a part of its general research on safety, the Committee 
has therefore undertaken to investigate the aerodynamic, per- 
formance, landing, take-off, stability, maneuvera oil i ty , and 
control characteristics of a.n airplane equipped with slots and 
flaps so the.t the influence of these devices could "be appraised, 
not only T^-ith" r espec t to safety "but also with regard to per- 
formance in >^:eneral. This investigation is norr in progress on 
the ilcDonncll airplane, which was originally designed for entry 
in the Daniel Guggenheim Safe Aircraft Competition. Some pre- 
liminary information, the irr e s entat ion of which is the ohject 
of this report, has "oeen obtained to date. 

These preliminary data consist of lift and drag character- 
istics; slot "behavior or operation; and certain performance 
data, incli'-ding minim^^m speed, high speed, glide angles, and 
climb characteristics. These results were obtained, in general, 
with four comhinat i ons of slot and flap setting; slots open 
and closed, witli flaps neutral; and slots open and closed, with 
flaps depressed. Measurements were made according to methods 
commonly in use "by the Committee. 



The Airplane 

A three-view drawing and photographs showing the general 
arrangement of the McDonnell airplane are given in Figures 1 to 
4, inclusive. The principal features of the airplane are given 

in the following table: 

Type - Low-v7ing tractor monoplane. 

Seating arrangem.ent - Two-place, tandem, open cockpit. 
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« 

General Ciiaract eristics 



span - 35 f t . over-all length - 21 ft. 4 in. 

chord (c) - 5 ft. 8 in. hei.^ht - ? ft. 2> in. 

area"'-^ 196.5 sq.ft. engine - TTarner "Scarah" 

rated 110 
at 1 ,850 r .p.m, 

aspect ratio - 6.2 weight (test) - 1,300 lo. 

77in^; section - M~ o power loading - 16.3 Ih./hp 

dihedral - 4.5^ wing loading - 9.1 Ib./sc .ft. 



Slot and Tlax) rimensions 



span of a^ariliary airfoil 31 ft. 7-^ in. 

chord of a^ixiliary airfoil 10.2 in.; 15v^ c. 

s-pan of flaps 22 ft. 4-1/8 in. 

chord of flaps 17-7/6 in.; 25. 6:^'. c, 

flap angle when fully depressed^'-^''''-40^ 



.ocation of Auxiliary Airfoil with Slot Open 

(See fig. 5 . ) 



width 5.43 in. ; Sfo c . 

depth 2. 33 in. ; 3 . 5^;^ ^ 

gap ' 1.02 in.; l.S^o c 



The auxiliary, or 1 eading- edge , airfoil is divided in- 
to four sections along the span, two on each side of the 
fuGela::e. llornially, these auxiliary airfoils are av-tornat- 
ic in action, although, in order to allow testing with slots 



*The area was computed to incliide the projected plan area 
of the fiiselage bounded ty the wing roots and the leading 
and trailing edges extended. Thus it differs from that 
published elsewhere, viz., 180 sq.ft. 

**7alue given is that used in tests. Plaps designed for 
50° travel hut air loads prevent full movement in flight. 
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opened or closed at all angles of attack, means were pro- 
vided to lock them in either the full-open or closed po- 
sition. 

The flaps extend along the entire trailing edge with 
the exception of the part occupied "by the ailerons and are 
manually operated from the pilot ^s cockpit. They are inter- 
connected with the staoilizer. Means are provided, ho7/ever, 
for adjusting the stabilizer independently of the flaps. 

The' airplane , as originally designed and constructed, 
Wrx\i equipped with wheel fairings, landing-gear strut fair- 
in.;;s, and IT.A.C.A. cowling. These items' were not included 
when the airplane was delivered to the Committee, and the 
suoject tests were made without them. 

Tests and Test Methods 

A complete description of the methods and apparatus 
used in these tests will "be given in a later report deal- 
ing v/ith the com.plete investigation. Only a "brief descrip- 
tion of the method is given here. 

Lif ;t _and_dr a£_c^ The lift and drag 

characteristics were measured for each of the following 
slot and flap arrangements: 

1. Slots closed and flaps neutral. 

2. Slots open and flaps neutral. 

3. Slots closed and. flaps down. 

4. Slots .open and flaps down. 

The characteristics were determined "by means of glide 
tests, \7hich are descri"bed in detail in reference 1. Erief- 
ly, the glide-test procediire is as follows: 

The airplane is flown in a steady glide with the pro- 
peller operating approximately at v/nD for zero thrust. 
During the glide, simultaneous records are taken of t'ne 
flight-path angle, the indicated air speed, the angle of 
inclination of the wing chord, the engine speed, and the 
temperature and pressure of the air at the altitude of the 
airplane. The weight of the airplane during the glide is 
known. From the weight, and the flight-path angle, the com- 
ponents of force acting perpendicular to and parallel to the 
flight path are calculated. The indicated air speed is 
corrected to true air speed hy means of the pressure and 
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teuperature data.. Propeller thrust is calculated from the 
r.p.ni,, the true air speed,, air density, and propeller 
characteristics. The drag component, as calculated from 
the T7ei{^ht and flight path an^'le, is then corrected for the 
component of thrust acting along the fli^:ht path, and also 
for the drag of the apparatus used to meas^-re flight-path 
angle and air speed. Similar corrections to the lift com- 
ponent are neglected. 

Jtoil. the lift and corrected drag components thu-s 
found, the corresponding coefficients are calculated ac- 
cordin^j t o the r ela t i ons , 



and , 



Ct 



__L_ 
q S 



q S 



in v/hich the symbols have their standard significance. An- 
gle of attach is taken as the difference "between the angle 
of the flight path and the angle of inclination of the T^ing 
chord. 

Slot operation.- The angle of attack at which the slot 
starts to open was determined hy flying the airplane at 
high speed and then slowl:/ increasing the angle of attack 
until the auxiliary airfoils "began to move out. Records 
of tj.e air speed and angle of attack were obtained at this 
point with the same apparatus used in the glide tests. The 
angle of attack was then further increased until the a^ix- 
iliary airfoils reached the full-out position. At this 
point, records Trere again taken. The slot operation was 
determined both with the flaps neutral and v/ith the flaps 
de^jressed . 



^^I.£.2..?.iiis,n c e . - The performance characteristics measured 
consisted of the minimum speed in level .flight, minimum 
speed in a glide, high speed, glide angle at minimum speed, 
minir.iun angle of glide, and rates and angles of climb. 

?or the measurement of the minimum s.peed in level 
flight and minimum speed in glide the same apparatus used 
in the glide tests v/as utilized, the only additional in- 
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strument required "being a sensitive indicating: altimeter 
to enable the pilot to maintain true level flight when 
r e qu i r e d . 

The high speed was deter:nined for two conditions, 
nauely, slots open, and slots closed; the flaps were neu~- 
tral i.n each case. This determination was accomplished 
by timing the airplane over a measured speed coiirse. Three 
runs were made in each direction for each condition, and 
the results for the six runs averaged. No corrections 
were made to standard atmospheric conditions, as the cor- 
rection to the engine horsepower practically compensates 
for the correction to the air speed. 

Clinh characteristics 7/ere obtained for each slot and 
flajj combination by measuring the air speed and flight- 
path angle in a series of climbs at different speeds, start- 
ing from 100 feet altitude. 

Minimum angle of glide and glide angle at minimum 
speed were obtained as incidental results of the other tests 



Precision 



The instruments used in these tests are capable of 
measuring angles of the flight path and attitude of the air- 
plane to within 0.1°, and air speed within 1 per cent. 
(Heference 3.) Such errors introduce approximately a 1 
per cent error in the drag, and an inappreciable error in 
the lift. However, although all flights were made under 
the best obtainable air conditions, a small degree of at- 
mospheric turbulence existed at all times. This insta- 
bility in the atmosphere, in addition to a small but ap- 
preciable tendency for the airplane to oscillate, caused 
slightly irregular records of the angles measured, which 
are reflected in the dispersion of points in the results. 
The accuracy of the results is therefore somewhat reduced. 
It is estimp.ted that lift and. drag coefficients are cor- 
rect to within +3 per cent, and angle of attack to within 

The maximum and minimum speeds are correct to within 
il per cent. Angles of climb are estimated to be correct 
to within 1"0.2°, and the- rate of climb to within 1"3 per cent 
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"by the presence of the fuselage in the case of the airplane 
which mal-es close coir.parisons invalid. The minimum drag 
coefficient, 0.08, is rather high, compared with an average 
val^ie of 0.05 for conventional airplanes in the same class. 
In this connection, however, the lack of landing-gear strut 
fairings, wheel fairings, and engine cowling during the 
tests, should "be home in mind. 

In the following discussion of the improvements of 
the lift and drag characteristics obtained through the use 
of slots and flaps all comparisons are made with the con- 
dition of slots closed and flaps neutral. It should he 
realized that the results ootained hy the use of slots 
and flaps will he different with different airfoils and 
that the percentages given cannot he taken as represent- 
ing the increase to be expected from the installation of 
slots and flaps on any wing section. 

With slots open and flaps neutral, the stall was de- 
layed 11^, and the maximumi lift coefficient was increased 
to 1.54, or 54 per cent. This increase represents a 19 
per cent reduction in landing speed. On the other hand, 
the minimum drag coefficient with slots locked open was 
increased 10 per cent. This means that the sacrifice of 
the movahle or automatic feature of the slots, in favor 
of simplified construction, with slots of this type, would 
require a 10 per cent increase in power to maintain the 
speed range possible with the slots automatic. 

With slots closed and flaps down, the maximum lift 
coefficient was increased from the hasic value of 1.00 to 
1.38, or 38 per cent. At thu sa.\ze time, the angle of at- 
tack of maximum lift coefficient was lowered ^'-^ fromi the 
original value, a.o.d the angle of zero lift wcis I'^wered 6*^. 
Although the minimum drag was graatly increas-d with flaps 
down, no significance is attached to this ref>ult, as there 
is no reason for using the flaps at the low angles of at- 
tack c 

With slots open and flaps down, the maxim.um lift co- 
efficient reached its highest value, 1.94. It is of in- 
terest to note that the sum of the increases in ^LjTiax 
resulting from the use of slots and flaps separately is 
92 per cent, as compared with the total increase of 94 per 
cent when the slots and flaps .are used together. This re- 
sult would indicate that the effects of slots and flaps 
are almost independent of one another. 
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Disciission of Results 

The res^ilts of the te^ts are 2:iven in figures S to 15, 
and in Tahles I and II. Figures 6 to 13 ciYC the resultrs, 
with experimental points, of the lift and drac measur enient s 
for the various slot and flap cornhinat ions . These resxilts 
are presented as curves of lift and drag coefficient and 
L/d ac;ainst anf^le of attach, and also in the form of polar 
C"".rves, To fa.cilitate comparison of the results T7ith the 
different slot-flap comhinat ions , the curves of Cl 
a^^ainst a for all cases have "been reproduced , without 
the exper iiiient al points, in Fij^jure 14. For t/ie same reason, 
the polars have been grouped i/i Figure 15. The data from 
which the lift and drag curves were obtained are given in 
Tahlo I. 

Table II -/^ives the results of the performance and slot- 
op o rat ion tests. 

The lift and drag characteristics . - Referring to F i ^ - 
ures 14 and 15, it will be noticed that in all cases the 
lift coefficient is still increasing when the curves are 
discontinued. This c ir cums t a.nc e could not bo avoided, 
becau.se Of the instability of the airplane at the higher 
angles of attaci^:, and the consequent inability of the pi- 
lot to laaintain steady conditions long enough to take rec- 
ords at these angles of attach. It is probable that the 
instability at high angles of attach was caused by a par- 
tial, stall of the wings (burble at the center portion) so 
that w:ien instability was encou.ntered the airplane was 
operating very close to its maxim\im lift. Consequently 
th.e values given for the maximum lift coefficients (highest 
points on the lift curves) are believed to be not more than 
3 per cent lower than the true maximiim lift coefficient. 

T/ith slots closed and flaps iieutral, corresponding 
to the condition of no slots or flaps, the airplane has 
a maximum lift coefficient of 1.00 and a minimum drag co- 
efficient of 0.08. The maximjim lift coefficient compares 
fa.vorabl"y with the- maximum lift coefficient of 1.113 ob- 
tained in the N.A.C.A. propeller research tunnel on a rl- 
foot by 12-foot model of the H- o airfoil, and at a Reynolds 
Number of about t'/o-thirds tb.at of the present tests. 
(Reference 3.) The difference between the two values is 
explained by the discontinuities in the wing surface of 
the airplane, caused by slot and flap installation, and 
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In considering, the possiole; ''ise of auxiliaries such 
as. slots and flaps to decrease .the landing speed, it is 
w'orth^ while to analyze- the. drag, at maximum lift, with re- 
gard .tp its effect, on the power required to maintain level 
flight. . S.ucn an' analysis has "been made for 
si 0 t-.f lap comhinat. ions of the suhject tests 
formula ,.. 

Ct 

^0 ^l^s^x 



the several 
using the 



wner e 



- power required for minimum speed level flight. 

with auxiliaries. 

- pov/er required for minimum speed level flight 

without auxiliaries . 



- drag coefficient at maximum lift v/ith auxilia.ri( 

- drag coefficient at maximum lift without aux- 

iliaries . 



^0 



maximum lift coefficient with auxiliaries, 
maximum lift coefficient without auxiliaries 



The results of this analysis follow. 

With slots alone, the increase from the. "basic condi- 
tion in power required to maintain minimum horizontal 
speed is 8 per cent. With flaps alone, there is a de- 
crease of 12 per cent. With slots and flaps together, the 
decrease is 4 per cent. This is an apparently favorable 
result. However, since the minimum speed is lowered 28 
per cent with slots and flaps, there is a corresponding 
approximate 5 per cent decrease in the ratio V/nD at 
which the propeller operates, with a conseqiient reduction 



Computations "based on average 
the efficiency of the propeller 
per cent, with a 5 per cent re- 
low-speed range. The power 

may therefore not be sufficient 
when using slots and flaps, un- 
less steps are taken to increase the propeller efficiency 
at low speeds . 



in propeller efficiency, 
propeller data show that 
is decreased "by ahout 20 
duct ion in V/nD in the 
available at maximum C^ 
to maintain level flight 
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An inspection of the curves of Figures 7, 9, 11 and 13 
sho^s that the maximum l/d is 5.8, a value which compares 
unfavorably with the average value of 8 for conventional 
airplanes. Here again, however, the ahsence of important 
fairings during the tests must "be considered. Figures 7 
and S also show that the m^aziiium l/d with slots open and 
flaps neutral is the same as with slots closed and flaps 
neiitrai. Thus, it does not matter a great deal whether the 
auxiliarji^ airfoil opens helow or above the angle of ma::- 
ir.ium l/d for the unslotted wing. 

Performance For the weight and drag as flown the 
airjjlane is somewhat underpowered as evidenced by the low 
rate of climb, 310 feet per minute. As a result the per- 
formance as such is not impressive. However, for the pur- 
pose of these tests the performance itself is of minor in- 
terest, the chief interest being in the difference of per- 
forniance obtained with and without the slots and flaps in 
operation as is discussed in the following paragraphs. 

It will have been noted that the actual take-off and 
landing speeds were not meas^^red. The reason for this was 
that a direct measurement would have required a calibration 
of the air-speed head mounted on the airplane, for which 
time was not available in this part of the investigation. 
I7ith respect to the take-off speed, it so happens that the 
angles of attack at which the minimxum speeds in level 
flight were attained with and without the slots and flaps 
in operation can be obtained with this airplane at take- 
off. It is possible, therefore, to use the minimum speeds 
in level flight for these conditions of slots and flaps as 
indicative of the corresponding take-off speeds, and they 
are used hereafter in place of the true take-off speeds. 
It is realized that this procedure does not give exact re- 
sults because at take-off there must be some power avail- 
able for climb and at minimum speed in level flight there 
is none, and also because of the influences of ground ef- 
fect. However, it provides a satisfactory basis for the 
comparison of the effects of slots and flaps on take-off 
speed. With respect to the landing speed the minimum speed 
in a glide is the true landing speed for a landing which 
is m.ade from a glide without leveling off, a type of land- 
ing which is entirely possible and is practiced with this 
airplane. The m.inimumx speed in a glide is used in place of 
landing speed hereafter. 

Without slots or flaps, the landing speed is 50 m.p.h. 
and the glide angle at this speed is 13^. Slots and flaps 
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reduce the landing speed to 43 -in.p,h., and at the same time 
increase the ^^lide angle to 17.2^. • Thus, the slots and 
flaps have reduced the landing;; speed 17 m.p.h. and increased 
the an^'^'le of approach "by 4^ without increasing' the vertical 
velocity. Without slots and flaps the take-off speed is 
'55 m.p.h. and with slots and flaps it is • 40 ra.p.h. 

It is interesting to note that the minimum speed in 
level flight was 40 m.p.h. and occurred at an angle of at- 
tack of 16.7°, while the minimum speed in a glide was 43 
m.p.h. and occurred at an angle of attack of 23.7*^. The 
fact that a lower speed at a lower angle of attack was at- 
tained in tiie level flight condition is diie to; the slip- 
stream effects. The fact that the highest angle of attack 
attained in level flight was 16.7°, while the maximum lift 
occ^irred at an angle of attack of 23.7°, shows that the 
airplane has insufficient povjer available to take full ad- 
vantage of the use of slots and flaps to decrease the min- 
imum speed in level flight. It follows that . if the air- 
plane had sufficient power to maintain level flight at 
maximui.i lift and had a higher landing gear so as to take 
off at a higher angle of attack it would "be possihle to 
appreciahly decrease the take-off speed. 

The high-speed riins with slots closed and slots locked 
open, indicate the effect of sacrificing the raovahle or 
autom.atic feature of the slots in favor of simplified con- 
struction. ITith slots closed, the high speed was* 91.4 
m.p.h., and with slots fixed open it was 84.8 m.p.h. This 
reduction of 5.6 m.p.h. in the high speed is prohahly suf- 
ficient justification for the use of the automatic or mov- 
able fea'ture for this particular design of slot. It should 
he appreciated, however, that it is possihle to design 
fixed slots which will not have such an unfavorahle ef- 
fect on high speed. (Reference 4.) 

The speed ranges given in Tahle II are all "based on 
the high speed with the slots closed and the flaps neutral. 
The low speeds used are those detained in the glides, as 
they are more indicative of the wing improvement than the 
low speeds in level flight, where the propeller character- 
istics are a consideration. The use of slots and flaps 
increases the speed range 40 per cent, the slots account- 
ing for a 25 per cent and the flaps a 17 per cent increase. 

The results of the climb tests show nothing of par- 
ticular interest, other than that the climb is poor. 
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To suinrnarize, the' resiilts shor that the slots used 
alone, increase the maxij.mm lift coefficient 54 per cent, 
the flaps alone increase it .'^8 per cent, and the slots 
and flaps in ' comtinat ion give a total increase in maximum 
lift coefficient of 94 per cent. The slots and flaps in 
conhination decrease the landin.^: speed froi:2 60 to 43 m.^.h, 
increase the speed ran^^e of the airplane 40 per cent, and 
increase the {;;lide angle at landing;; 4.2^. 



Lanj-jl ev Memor ial Aeronaut i cal La oorat ory., 

national Advisory Committee for Aer onaiit ic s , 
Lan^lev Field, Va., Octo"ber 1 1931. 
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TABLE II 



Performance Characteristics of McDonnell Airplane 





Slots closed, 


Slots open, 


Slots closed. 


■ 

Slots open, 




flaps neutral 


flat)S neutral 


flaps down 


flaos down 


High speed 


91.4 m.p.h. 


84.8 m.p.h. 






Minimum speed in glide 


60 m.p.h. 


48 ir..p.h. 


51 m.p.h. 


43 m.p.h. 


(Landing speed) 






14.20 




Angle of attack at landing speed 


16.2° 


27.0° 


23. 70 


Angle of glide at landing speed 


13.0° 


17.30 


13. 5^ 


17.20 


Vertical velocity at landing speed 


19.8 ft. /sec. 


21.0 ft. /sec. 


17.5 ft. /sec. 


18.6 ft. /sec. 


Miniimim speed in level flight 


55 m.p.h. 


44 m.p.h. 


46 m.p.h. 


40 m.p.h. 


(Take-off speed) 










Angle of attack at take-off speed 


13.0° 


24.0° 


11.30 


16. 70 


Minimiiir. angle of glide 


9.8° 


9.80 


11.50 


12.50 


Speed range 


1.5 


1.9 


1.8 


2.1 



With Slots Automatic and Flaps Neutral 
Maximum, rate of climt 310 ft./min. 
Maximum angle of climb 3 .40 



Slot Operation 







Power on 




Power on 






flaps neutral 




flaps down 


Slots 


start to open 


5.80 angle of attack 


4.10 


angle of attack 


Slots 


fully open 


10.1° M .. !f 


8. 70 


11 If II 


Slots 


start to close 


9 . 40 " " " 


8.40 


II ti It 


Slots 


fully closed 


5. 50 " " " 


5.60 


It II ti 
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Fig- 1 




Fig. 1 Three-view drawing of the McDonnell airplane. 
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Fig. 5 M-6 Ydng section equipped with slots and flaps, 
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Fig. 6 
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Fig. 6 Characteristic curves for the McDonnell airplane v/ith 
slots closed and flaiDs neutral. 
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Fig. 7 
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Pig. 7 Pola::* ciirvo for tne IvicDonnell airplane 
with slots closed and flaps neutral. 
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Fig. 8 




Angle of atto.3„i, dogreos 
Fig. 8 Characteristic curves for the l.IcDonr.cl?. airplane v/ith 
slots open and flaps neutral. 
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Fig. 9 Polar curve for the 1.1c Donnell airplane v/ith slots open 
and flaps neutral. 
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Fig. 10 
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Fig. 10 Char-acteristic curves for the Mc Doniicll airplane V7ith 
closed and fla-os dovm. 
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Fivf;. 11 Polar curve for the Mc Donnell airplane with slcts closed 
and flaTDS dovm. 
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Fig. 12 
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Fig. 12 Characteristic curves for the McDonnell airplane vdth 
slots open and flaps dovm 
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Fig. 13 
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13 Polar curve for the McDonnell airplane with slots 
op on and flaps lovm 
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Fig. 14 




Angle of attack, degrees 
Fig. 14 Cliaracterrstic curves for the I.IcDonnell airplane for all 
conditions of slots and flaps tested 
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Fig. 15 Polar c-arvos for the McDonnell airplane for all 
conditions of slots and flaps tested 



